Introduction {#Sec1}
============

In 2014--15 the world experienced the most severe Ebola epidemic in history. The epidemic hit the three West African states---Guinea, Liberia, and Sierra Leone---the hardest. In addition, Ebola was transmitted to several neighbouring states and, unlike in previous outbreaks, the world also observed the first confirmed cases of Ebola transmission outside Africa. The outbreak was unprecedented in length and size, and affected more people and more states than any other previous outbreaks of Ebola (Box [1](#FPar1){ref-type="sec"}). It is now widely accepted that the affected states and the global health system was unprepared for an Ebola epidemic of this magnitude. Assessments after the Ebola outbreak highlighted a number of factors affecting the response to the outbreak.[1](#Fn1){ref-type="fn"}

Of these, we can highlight four major ones. Firstly, health systems in Guinea, Liberia, and Sierra Leone had never before encountered sustained transmission of Ebola, so health workers, communities, and policymakers had little or no experience dealing with the virus. A second major factor was that Guinea, Liberia, and Sierra Leone are all post-conflict states. As a consequence, these states had fragile and poorly-resourced health systems that were quickly overburdened by the epidemic, and low level of trust between the public and the governments when interventions to reduce the spread of Ebola had to be implemented. The third crucial factor was the slow and inefficient international response. The World Health Organisation (WHO) in particular was criticised for not declaring more quickly that the outbreak represented a public health emergency of international concern.[2](#Fn2){ref-type="fn"} Finally, a fourth area which received considerable attention was the lack of effective vaccines, therapeutics, and diagnostics to prevent the spread of Ebola.[3](#Fn3){ref-type="fn"} During and after the epidemic, it was recognised that R&D of effective biomedical tools were lacking for Ebola, as well as for other emerging infectious diseases (EIDs) with the potential to cause epidemics at a scale similar to Ebola. A consensus among post-Ebola assessments was the need for a more concerted global effort to strengthen R&D for these diseases---with an emphasis on vaccines as an effective countermeasure against future epidemics.[4](#Fn4){ref-type="fn"}

In response to these concerns, a new global health initiative---the Coalition for Epidemic Preparedness Innovations (CEPI)---was formally announced at the World Economic Forum in January 2017.[5](#Fn5){ref-type="fn"} The founding members of CEPI are the governments of Norway and India, the Gates Foundation, the Wellcome Trust, and the World Economic Forum. Motivating CEPI's establishment is the fact that clinical testing of Ebola vaccines proved successful during the epidemic, which in turn inspired the vision that "vaccines can prevent outbreaks of emerging infectious diseases from becoming humanitarian crises".[6](#Fn6){ref-type="fn"} CEPI's corresponding mission is to "stimulate, finance, and co-ordinate vaccine development against emerging infectious diseases with epidemic potential, especially in cases where market incentives alone do not achieve this".[7](#Fn7){ref-type="fn"}

In this chapter, we begin by examining whether the prevention of future epidemics of EIDs, which is CEPI's vision, represents a global public good. We then identify the main factors preventing the realisation of this good, and the rationale for establishing CEPI. Next, we explore how CEPI will engage with private actors as part of its efforts to generate a global public good. We end by examining the potential for CEPI to demonstrate that collective action is the preferred strategy for preventing future epidemics.

Box 1. The 2014--15 Ebola outbreak {#FPar1}
----------------------------------

Retrospective identification of cases in this outbreak traced the index patient to be a 2-year old toddler in Guinea infected in December 2013. It took until March 2014 before an outbreak of Ebola was declared by national health authorities. Shortly after, Ebola was detected in neighbouring Liberia. On May 2016, Ebola had reached Sierra Leone, and over the next month the number of new cases per week escalated. Late in June, Doctors Without Borders called for increased international support---declaring that the epidemic was getting "out of control". In July, two infected US aid workers were evacuated from Liberia, Ebola was detected in Lagos in a patient who had travelled by air from Liberia, and Sierra Leone declared a state of emergency in order to quarantine the epicentres of the disease. This series of events ultimately compelled the WHO to declare the Ebola outbreak to be a public health emergency of international concern. An international response was triggered, which included an increased influx of financial resources and health personnel, building of treatment centres in Guinea, Liberia, and Sierra Leone, and the establishment of the UN Mission for Ebola Emergency Response (UNMEER).

Since its discovery in 1976, there had been twenty Ebola outbreaks prior to 2014. Previous outbreaks were confined to remote rural areas and contained within months, with the largest outbreak, in Uganda in 2000--01, having 425 cases and causing 223 deaths. In comparison, the 2014--15 outbreak spread to urban centres and the capital cities, lasted for over two years, and ultimately resulted in 28,616 cases (numbers from WHO's situation report as of June 10, 2016, including confirmed, probable, and reported cases) and 11,310 deaths---more than all previous outbreaks combined.

Vaccines Against EIDs: A New Approach Needed to Provide a Global Public Good {#Sec2}
============================================================================

The classical, technical definition of a public good is a good that is both non-excludable and non-rivalrous.[8](#Fn8){ref-type="fn"} A good is non-excludable when people cannot be prevented from enjoying its benefits once the good becomes available. When a good is non-rival, the consumption of the good does not diminish the quantity available to others. Classic examples are the benefits of clean air and traffic lights.

What then qualifies as a global public good is interpreted differently in the vast literature on the subject.[9](#Fn9){ref-type="fn"} Discussing these differences in great detail is beyond the scope of this chapter. However, it is worth noting that a strict interpretation would only qualify goods that at all times, without exceptions, exhibit non-rivalry and non-excludability.[10](#Fn10){ref-type="fn"} An even stricter interpretation would additionally demand that everybody derive the same level of utility from the good. Successfully eradicating polio is a clear example of a good that is non-rivalrous and non-excludable. However, while eradication of polio eliminates the risk to everybody, it is reasonable to imply that populations living closer to sites of ongoing wild polio transmission (Afghanistan, Nigeria, and Pakistan) would value this good more than populations living in states where polio has long been eliminated.

More relaxed, and perhaps more useful, interpretations of what constitute global public goods can take two main forms. One where goods qualify as a global public good if the benefits *in principle* could reach populations across all states, without necessarily demanding that everyone derive the same measurable benefits.[11](#Fn11){ref-type="fn"} A second which includes goods that are subject to either excludability or rivalry, but where there is potential for specific policies to secure that these goods are non-rival and non-excludable. For example, as a result of patents, copyright, and paywalls, knowledge becomes excludable, and accordingly, knowledge is only a global public good insofar such restrictions are removed. Goods that incompletely exhibit non-rivalry or non-excludability are also referred to as impure public goods.[12](#Fn12){ref-type="fn"}

It is also useful to be aware that a global public "good" refers both to directly providing utility, such as the benefits of making knowledge globally accessible, and reducing disutility by reducing harmful, cross-border spillover effects. The aforementioned examples of smallpox and polio eradication underscore the latter point. Other relevant examples are the effects of greenhouse gas emissions on climate change, or air pollution on clean air. The costs and harms of inaction on these issues exhibit both non-rivalry and non-excludability. It is also useful to distinguish between whether one considers the global public good to be the actual benefits (for example the prevention of future epidemics), or the infrastructure or systems put in place to produce these benefits (for example the International Health Regulations to reduce the cross-border risks of infectious diseases). In the context of this chapter, we consider the realisation of CEPI's mission---preventing outbreaks of emerging infectious diseases from becoming humanitarian crises---as the global public good. Numerous previous epidemics have demonstrated that if lack of capacity, resources or other reasons prevent a state from acting in time, the harms of an infectious disease may quickly be distributed to neighbouring states or to a different corner of the world---demonstrating the non-excludable and non-rivalrous nature of the good. The Ebola outbreak that started in 2014 is one example. Another striking example is the SARS outbreak in 2003--04. After emerging as an unknown disease in Guangdong in China in 2002, SARS had by May 2003 taken 41 lives in Canada (the only state outside Asia with fatal cases of SARS).

A different term applied to describe the global public good of mitigating the risk of infectious diseases is "global health security"---a term recognising that national borders do not stop the spread of infectious diseases, and that populations in all states can potentially be exposed to the risk if the spread in one part of the world is not prevented or controlled.[13](#Fn13){ref-type="fn"} In this context, vaccines play a crucial role. Vaccines can protect entire communities and states---either by reducing the incidence or eliminating an infectious disease from one part of the world, or as in the case of smallpox, eradicating it completely. Developing vaccines is a complex, costly, lengthy, and risky process. It is estimated that, on average, developing a vaccine from preclinical research requires over 10 years, with less than 10% probability of entering the market.[14](#Fn14){ref-type="fn"} Due to limited availability of publicly available data, precise estimates of vaccine development costs do not exist, but is suggested to be somewhere between \$200 m and \$500 m.[15](#Fn15){ref-type="fn"} Depending on the complexity of the vaccine technology developed, the cost could be greater. Since vaccines are deployed to protect healthy individuals, strict regulatory requirements must be met to ensure safety, including continued monitoring for adverse effects once the vaccine has been introduced in immunisation programmes. In some cases, additional clinical trials are needed to disprove side effects.[16](#Fn16){ref-type="fn"} To recover the cost of constructing and maintaining vaccine and production facilities, vaccine manufacturers need to rely on economies of scale. For these reasons, large and predictable financial returns on investment are needed to attract pharmaceutical companies to invest in R&D of vaccines.[17](#Fn17){ref-type="fn"} The market potential has been the main motivating factor for developing new vaccines (such as more recently developed vaccines against pneumonia and rotavirus) that protect against diseases also affecting populations in high-income states. Hence the *lack* of market potential is the main reason explaining why vaccines against EIDs are lacking.

At least two major factors explain why EIDs do not present themselves as an attractive investment. First, the emergence and re-emergence of these diseases is highly sporadic and confined to limited geographic areas in most cases. For example, prior to the Ebola outbreak in 2014--15, eleven of thirteen recent outbreaks had been confined to rural areas in either Uganda or the Democratic Republic of the Congo.[18](#Fn18){ref-type="fn"} Another example is SARS. Starting first in South-China, it spread to Singapore, Taiwan, and Canada, with 774 deaths reported globally.[19](#Fn19){ref-type="fn"} After China was declared free of SARS in May 2004, no new outbreaks have been detected.

The sporadic epidemiology of these diseases creates uncertainty about how the vaccines will be used. Introduction into a state's routine immunisation programme or frequent use in mass vaccination campaigns are the most lucrative incentives for vaccine manufacturers to invest in R&D of new vaccines; but for most EIDs, vaccines are unlikely (with a few potential exceptions) to be used in these ways. Instead, it is expected that vaccines will be stockpiled and reserved for emergency use or deployed in a few limited "hot zones". At the time of investments, uncertainty exists about volumes needed to stockpile and replenish a certain vaccine, and meeting stockpiling needs may be insufficient to recoup R&D investments and earn profits.

A second important factor deterring participation in R&D of EIDs is that clinical testing of a vaccine must be initiated in response to an outbreak of the disease. The risk exists that during an outbreak, clinical trials are delayed so much that an epidemic might be waning by the time the trials are initiated. If an insufficient number of events is observed, clinical trials will be unable to demonstrate conclusive evidence for efficacy. For example, in the midst of the Ebola outbreak in 2014--15, three phase III trials were initiated in Liberia, Sierra, and Guinea. Only one of these trials---the *Ebola Ça Suffit!* ring vaccination trial in Guinea---was able to successfully demonstrate efficacy (Box [2](#FPar2){ref-type="sec"}). The other two trials---the PREVAIL trial in Liberia and the STRIVE trial in Sierra Leone---were unable to determine vaccine efficacy due to a rapid decline in number of cases in these states.[20](#Fn20){ref-type="fn"}

Reducing the time from the beginning of an outbreak until a safe vaccine is available for clinical evaluation requires, in addition to an available vaccine, agreement on scientifically sound, feasible, and ethically acceptable ways of testing vaccines during a public health emergency.[21](#Fn21){ref-type="fn"} The planning and execution of already expensive clinical trials therefore becomes more complicated, and implementation must occur under challenging conditions.

These factors explain why an effective vaccine for Ebola was unavailable prior to the 2015 epidemic, despite seven vaccines having been tested in monkeys with encouraging results prior to the epidemic.[22](#Fn22){ref-type="fn"} It is worth noting that the rVSV-ZEBOV Ebola vaccine was invented by researchers from the Public Health Agency of Canada in 2003, and had very promising animal results already in 2005.[23](#Fn23){ref-type="fn"} The vaccine was later licensed to the biopharmaceutical company NewLink Genetics in 2010. Due to the lack of commercial incentives, further development and testing in healthy humans was not initiated until after the Ebola outbreak had intensified and high-income countries had begun to fly back health workers infected with Ebola.[24](#Fn24){ref-type="fn"}

Box 2. Successful testing of an Ebola vaccine in Guinea {#FPar2}
-------------------------------------------------------

During the WHO's first high-level Ebola vaccine meeting in October 2014, plans were drawn to test Ebola vaccine candidates in Sierra Leone and Liberia. Guinea, where the outbreak began, was initially thought to be too challenging a setting for assessing a vaccine. However, Guinea asked to be part of the Ebola vaccine development effort, and options for clinical trials designs for Guinea were discussed during an informal side meeting. Informed by data on safety, induction of potentially protective immune response, and availability of vaccine doses, the recombinant vesicular stomatitis virus Ebola vaccine (rVSV-ZEBOV) was selected as the vaccine candidate. This vaccine was originally developed by the Public Health Agency of Canada, and licensed to NewLink Genetics. To develop, manufacture, and distribute the vaccine candidate, Merck entered into an exclusive licensing arrangement with NewLink Genetics in November 2014. A consortium of the WHO, the Ministry of Health in Guinea, the Norwegian Institute of Public Health, and Médecins sans Frontières (MSF) lead the implementation of the trial, which also involved a trial team with representatives from a number of academic institutions. Phase 1 testing of the rVSV-ZEBOV vaccine candidate was planned prior to the October vaccine meeting, and was undertaken in Germany, Kenya, Gabon, and Switzerland over the next months. By January 2015, funding for an efficacy trial in Guinea was secured from a number of sources.

A novel clinical trial design---the 'ring vaccination trial'---was adopted. Under this design, direct contacts of a person newly diagnosed with Ebola, as well as contacts of contacts, constitute an epidemiologically defined ring. This ring is randomised to either an intervention group receiving immediate vaccination or a control group receiving delayed vaccination after 21 days (the incubation period in which 95% of EVD cases arise). The ring vaccination trial is based on smallpox eradication strategy. The efficacy trial in Guinea began already four months after the first discussions about a potential trial had been held. In July 2015, the consortium released results from an interim analysis demonstrating 100% vaccine efficacy. Final results published 1.5 years later confirmed these results. No cases of Ebola cases were recorded 10 days or more after vaccination among the 5837 people who received the vaccine. In comparison, there were 23 cases 10 days or more after vaccination among those who did not receive the vaccine.

Ultimately, the successful testing of this vaccine gave rise to two major lessons. Firstly, if phase 1 and phase 2 trials of the Ebola vaccine had been conducted prior to the epidemic, the vaccine could have been tested more quickly, probably as much as six months earlier, and even contributed to halting the spread of the epidemic.[25](#Fn25){ref-type="fn"} It was therefore recognised that R&D preparedness---understood as innovation, advancement, and production of vaccine candidates that are stockpiled and ready for testing prior to an epidemic---needs strengthening. Secondly, testing of vaccines in response to an outbreak requires clarity in advance about issues such as manufacturing capacity to meet the needs of an epidemic, feasibility, scientific value, ethical acceptability of clinical trial designs, and a clear regulatory pathway towards approval. In other words, the R&D response too needed to be strengthened (Box [3](#FPar3){ref-type="sec"}). Together, R&D preparedness and R&D response represent areas that must be addressed to provide the global public good of preventing future epidemics.

Box 3. R&D response---accelerating R&D and clinical evaluation of a vaccine in an outbreak {#FPar3}
------------------------------------------------------------------------------------------

Since phase 3 trials testing vaccine efficacy only can be initiated during an EID outbreak, CEPI will have to be part of a concerted effort with various stakeholders---including the WHO, governments, vaccine manufacturers, and global vaccine purchasers such as GAVI---to establish vaccine stockpiles that can be maintained and ready for potential emergency use. Even if stockpiles are established, the risk exists that clinical trials are delayed so much that an epidemic might be waning and almost over by the time the trials are initiated. As a consequence, clinical trials may not be able to demonstrate statistically significant effects. For example, during the recent Ebola outbreak, several vaccine trials were not completed due to the declining number of new Ebola cases at the time when trials were initiated. Reducing the time from the beginning of an outbreak until a safe vaccine is available for clinical evaluation therefore requires clarity on a number issues, such as agreement on manufacturing capacity, agreement on scientifically sound, feasible, and ethically acceptable ways of testing vaccines, a clear regulatory pathway in the states in which the vaccines are to be tested, and agreement on how clinical trials are to be coordinated and how data is to be shared.

What then explains the world's inability to achieve this? Part of the explanation is provided by the lack of market potential for EIDs, as described above. Fully explaining why no Ebola vaccine was available prior to 2015, or vaccines for other EIDs for that matter, requires also examining the public good characteristics of the benefits of R&D preparedness and R&D response. The classic challenge encountered by all public goods is that they are under-supplied since their two key properties---non-rivalry and non-excludability---prevent actors from capturing the full benefits from investing in them. Market mechanisms therefore frequently fail to provide public goods. A collective failure to provide the good results if no actor is willing to bear the costs of providing them. At the national level, governments and public authorities may use policies such as taxation, statutes, and regulations to provide public goods that are undersupplied by market forces. At the global level, no institutions exist to coerce national governments to contribute to the supply of global public goods, and nor does there exist a single global institution that is entrusted authority and financial resources to provide for such goods.

To fill this vacuum, a number of institutions has been established at the global level to organise and work out the details of international cooperation around specific issues such as environmental change, financial regulation, and global health R&D---issues that exceed the capacity of national governments to address alone, and which require coordination and collaboration between public and private actors.[26](#Fn26){ref-type="fn"} The establishment of CEPI is born out of this recognition---that there is a need for a global institution to operate in the space between public and private actors in order to strengthen collaboration, coordination, and the sharing of risks. In the following two sections, we will examine how CEPI may mobilise and engage with these two groups of actors in order to strengthen R&D preparedness and R&D response.

Incentivising the Private Sector to Strengthen Global Health Security {#Sec3}
=====================================================================

Public goods and global public goods have in general been linked to the state as a provider and public financing as the main strategy for increasing provision.[27](#Fn27){ref-type="fn"} However, in many fields the private sector may play a crucial role for the provision of public goods given the right incentives from governments. In R&D, factors necessitating the involvement of the private sector include their existing intellectual property and know-how, R&D capabilities, manufacturing capacity, and systems for distributing vaccines. Incentivising private innovators to participate in partnerships to develop vaccines against EIDs will therefore prove vital to strengthening global health security. CEPI will fill a gap in the vaccine development pipeline (Fig. [1](#Fig1){ref-type="fig"}), and channel increased public and philanthropic financing in order to share the risk of R&D.Fig. 1CEPI's gap-filling role in vaccine development for EIDs

Attracting private innovators to CEPI's public mission will require attention to two factors. Firstly, private innovators must perceive an acceptable level of risk of engaging in vaccine development against EIDs.[28](#Fn28){ref-type="fn"} CEPI's main risk-sharing strategy will be to invest directly in projects that move candidate vaccines from preclinical research through phase I and II trials, and thereby substantially reduce the total R&D cost to private innovators. Secondly, private innovators can be incentivised to engage if there is commercial potential in addition to the public objectives. For some EIDs, a commercial market may exist for the vaccine in high-income states. For example, a vaccine may become profitable in the travel vaccines market in addition to protecting populations in states where an epidemic most likely will strike. Vaccine manufacturers may also see an opportunity to receive funding to develop vaccines on new platforms that may be later applied to develop vaccines with commercial potential, in addition to the public objective funded by CEPI. In other cases where similar market opportunities are non-existent, a return on investment will depend on global financing bodies such as GAVI stepping in and procuring the vaccines at prices above the marginal cost of production.

From the public's point of view, investing public funds to reduce private innovators' economic risk of R&D risks spending scarce public resources on unsuccessful projects. A complementary strategy for CEPI is therefore to implement some incentives that enhance the value of the EID vaccine market without exposing public funds to the risk of failure. This could be achieved by implementing "pull" incentives that reward outputs of R&D instead of paying for R&D inputs.[29](#Fn29){ref-type="fn"} One example is the milestone premium where innovators are rewarded for successfully completing pre-defined scientific milestones. At the time of writing, CEPI plans to implement a strategy where it only will provide additional funding for the next phase of vaccine development if milestones are met. If a project fails, no further investments are made and the project is discontinued.

In theory, CEPI could also experiment with larger milestone and end-stage prizes to motivate vaccine development. Such prizes have the benefit of making publicly financed incentives accessible for a broader range of actors without specifying the scientific route to success, which may be an advantage for vaccines in early-stage development. Over time, it can be expected that CEPI---in coordination with other funding entities---will implement a broader range of innovation incentives to motivate private investment in EID vaccines.

It should be recognised that CEPI plans in addition to make non-financial contributions to reduce uncertainties in EID vaccine development. This includes working with stakeholders to achieve a more predictable regulatory pathway, optimising coordination and data sharing, and facilitating interaction with regulatory authorities of states where the vaccines are likely to be tested. Over the past 15 years, a number of different public-private partnerships such as the Drugs for Neglected Disease initiative and the Medicines for Malaria Venture have been established to address market failures affecting R&D for neglected diseases.[30](#Fn30){ref-type="fn"} These too have pooled private and public resources to pursue publicly defined objectives, and to achieve mutually beneficial goals.[31](#Fn31){ref-type="fn"} Examining the experience and lessons from these initiatives suggest three broader areas where CEPI could make valuable contributions.

The first is diversifying the range of actors engaged with vaccine development against EIDs, and strengthening global R&D capacity in this area. By implementing the incentives described above, it is reasonable to expect that multinational vaccine manufacturers will bring crucial know-how, manufacturing facilities, and platform technologies to the table. Leading multinational vaccine manufacturers have already actively been engaged as part of CEPI's establishment.[32](#Fn32){ref-type="fn"} Three additional groups could potentially add value to CEPI's mission. The first group is small to medium-sized commercial vaccine companies, biotechs and contract manufacturing organisations (CMOs). The second group is the members of the vaccine-industry alliance The Developing Countries Vaccine Manufacturers' Network (DCVMN), who have an increasingly important role in meeting the global demand for vaccines as well as developing novel ones.[33](#Fn33){ref-type="fn"} A testament to their role is that of 2.4 billion doses of vaccines procured by UNICEF in 2015, 60% were sourced from DCVM.[34](#Fn34){ref-type="fn"} Finally, CEPI can also work with existing government-run and publicly funded non-profit organisations that have know-how and expertise on vaccine development and manufacturing capabilities. These have traditionally been set up to focus on meeting national public health needs. By engaging with CEPI, their expertise could be leveraged to meet global needs. One concrete example is the Centers for Innovation in Advanced Development and Manufacturing. This centre was set up as a private-public private partnership with the U.S. Department of Health and Human Services Biomedical Advances Research and Development Authority (BARDA). It is part of the US national strategy to strengthen manufacturing capacity to respond to various biological threats including novel and previously unrecognised infectious diseases, as well as chemical, biological, radiological and nuclear threats.[35](#Fn35){ref-type="fn"} BARDA suggested during the establishment of CEPI that it could work with CEPI's partners to produce vaccines using vaccine platforms supported by the Center.[36](#Fn36){ref-type="fn"}

A second area where CEPI can meaningfully contribute is in demonstrating that coordination and collaboration between public and private actors motivated by a public objective can optimise the use of available knowledge and intellectual property, reduce duplication and waste and deliver R&D at costs lower than has been observed for vaccine development under a commercial model. It has for long been considered that the public sector's role in R&D is primarily in preclinical research and early-stage discovery, and that know-how, resources and skills to translate these findings to biomedical products are the prerogative of private innovators. However, public-private partnerships (PPPs) established to address the market failure for neglected diseases have demonstrated otherwise. For example, between 2003 and 2016, DNDi drove R&D and marketing approval of six drugs targeting neglected diseases (sleeping sickness, malaria, Chagas's disease, and kala-azar), and has estimated that on average it can develop drugs for between \$110 million and \$170 million.[37](#Fn37){ref-type="fn"} This is around one tenth of the average cost of developing a drug according to estimates based on proprietary data from pharmaceutical companies, though it should be noted that these estimates are controversial.[38](#Fn38){ref-type="fn"} Another example is the MenAfriVac vaccine against meningitis, which cost \$50 million to develop---again much lower than the cost usually required to bring a new vaccine to market.[39](#Fn39){ref-type="fn"}

Finally, a third area where CEPI can contribute both intellectually and through action is in advancing the debate on how to maximise public benefits of publicly-funded research. One specific issue concerns norms guiding decisions to transfer intellectual property and know-how of publicly-funded vaccines and other health technologies to private innovators. A recent example reigniting this debate is the decision by the US Department of Defense to grant an exclusive licence of a Zika vaccine to the pharmaceutical company Sanofi Pasteur.[40](#Fn40){ref-type="fn"} This vaccine was originally developed with public funding by scientists at the Walter Reed Army Institute of Research.[41](#Fn41){ref-type="fn"} In this case, the major objection raised by Médecins Sans Frontières (MSF) and other civil society organisations is that the license has been issued without conditions that secure affordability and access to the vaccine.[42](#Fn42){ref-type="fn"} One concern is that the patent monopol can be abused to charge prices that drive vaccines out of reach for populations who need them. Another concern is that exclusive licensing may unnecessarily delay the entry of competitive suppliers that can manufacture and distribute the vaccine to geographic regions with unmet needs. Finally, exclusive licensing can be a barrier to accessing intellectual property and know-how in order to enhance the characteristics of the vaccine so as to make these more effective in low-resource settings (such as developing more heat-stable versions). Non-governmental organisations, such as MSF and Knowledge Ecology International, have consistently claimed that exclusive licenses are unnecessary, and that the development of vaccines and other publicly funded research could be concluded by public and private actors by sharing the costs of finalising R&D.[43](#Fn43){ref-type="fn"}

CEPI will operate along the lines of such a model. Governments and philanthropic foundations will originally have financed many promising vaccine candidates CEPI decides to invest in. Public and philanthropic investments channelled through CEPI can move these vaccines from preclinical research and early-stage discovery through phase 1 and phase 2 trials. It is expected that phase 3 trials, too, will be financed by public and philanthropic actors. In these cases, there exist fair arguments for setting conditions for affordability and access at the time when CEPI invests in them, and that these conditions follow the vaccine through its development stages. In some cases, CEPI and other funders could together make a claim for vaccines being priced close to the marginal cost of production.

CEPI's policy on equitable access---approved for a one-year trial period and released in February 2017 after several months of discussions internally as well as with other PDPs, universities, civil society organisations, and private innovators[44](#Fn44){ref-type="fn"}---considers many of these issues, and sets out a number of guiding principles for managing them.[45](#Fn45){ref-type="fn"} One key principle is that intellectual property will be managed as a strategic tool to ensure that vaccines are made affordable and available, while maintaining the incentives for private innovators to participate. This is similar to approaches taken by other PDPs.[46](#Fn46){ref-type="fn"} A second principle is that CEPI, while recognising that an affordable price range may not be possible to determine at an early stage when there are uncertainties around the vaccine development process, still will work with partners to establish a transparent and agreed method for determining the price. This includes considering different sources of information, including information about public and philanthropic contributions to vaccine development costs, cost of goods, expected scale of production, price of existing comparable products, cost of maintaining manufacturing capacity, and procurement agreements. A major concern is ensuring that public and philanthropic investments in R&D is reflected in the final price of the vaccine. A third principle is that knowledge generated through CEPI's investments should be considered global public goods, and accordingly, CEPI should therefore promote and encourage open access to knowledge and sharing of data in publicly available databases.

More than 80 organisations and over 200 individuals collaborated to create CEPI.[47](#Fn47){ref-type="fn"} It is expected that CEPI over time will engage with many more public and private actors. DNDi, for example, engaged in over 350 collaborations in 43 states over its first ten years, including over 50 universities and research institutes.[48](#Fn48){ref-type="fn"} A crucial role played by CEPI is that of an "honest broker", in the form of a neutral, central entity that build trust and foster collaboration between the public and private actors.[49](#Fn49){ref-type="fn"} Legal and operational independence from collaborating partners and independent decision-making processes will therefore be crucial to act in the interest of its public mission, and to strengthen legitimacy as a global mechanism for ensuring global health security. A crucial role will have to be played by national governments---a topic to which we turn next.

CEPI---An Agent for Mobilising Shared Responsibilities for Global Health Security? {#Sec4}
==================================================================================

As of September 2017, a group of high-income states---Australia, Belgium, Canada, Germany, Japan, and Norway---have committed to fund CEPI together with the major philanthropic foundations the Wellcome Trust and the Gates Foundation. The European Commission has committed to using its own funding instruments to invest in joint efforts with CEPI. In addition, The Government of India---one of CEPI's founding partners---is finalising its level of commitment.

Most other PDPs and global R&D organisations have until now relied on financial contributions from OECD states and philanthropic foundations. For example, DNDi's list of public institutional donors includes nine OECD states, and public funding from only two non-OECD states, Brazil and South Africa.[50](#Fn50){ref-type="fn"} Similarly, MMV lists nine OECD states as funders, and not a single non-OECD state.[51](#Fn51){ref-type="fn"} UNITAID, which focus on market-interventions to increase access to drugs for HIV/AIDS, malaria and tuberculosis, has broader support, with low- and middle-income countries (LMICs) contributing with financial resources generated by an airline levy. However, analysis of financial streams to UNITAID between 2006 and 2011 has shown that high-income states and the Gates Foundation were responsible for 95.8% of UNITAID's funding.[52](#Fn52){ref-type="fn"} The beneficiaries of these initiatives are primarily populations in LMICs, although it can be argued that increasing the availability of treatments for neglected diseases also brings benefits to populations in high-income states. It is, however, not unreasonable to argue that the main motivation for these initiatives has been to meet humanitarian needs in LMICs.

In contrast, CEPI explicitly frames its mission as a shared interest for all states. At present, it may be fair to view CEPI as a step initiated by a smaller group of participants, with the aim of mobilising greater support.[53](#Fn53){ref-type="fn"} For CEPI to be successful over the longer term, there are several reasons why a vigorous effort to broaden the scope of participation---including mobilising participation from LMICs---will be vital. The first is legitimacy: moving towards greater or full participation strengthens CEPI's legitimacy as global mechanism for joint-decision making. The second is sustainability: greater participation avoids the supply of a global public good from depending on a small group of states, and so avoids the political risks associated with such an arrangement. Increasing the number of states investing in CEPI can have a catalytic effect by incentivising contributions from other states from the same region. In addition, involving LMICs may avoid CEPI's mission being framed as only a responsibility of bilateral development agencies and official development assistance (ODA), or only a health security issue for high-income states. There are two reasons why the latter may be beneficial. One is to avoid limiting the sources and channels of funding from which CEPI's mission could be financed. The second is that allocating the responsibility for financing CEPI's mission to ODA funds alone can risk diverting resources from other pressing priorities in LMICs.[54](#Fn54){ref-type="fn"}

Broadening the scope of states depends on the willingness of national governments to share the responsibility for investing in a global institutional response. To achieve this objective, a number of factors affecting this willingness needs to be addressed. First of all, CEPI will---similarly to other international institutions set up to address global public goods---face the temptation of states to freeride on the contributions of others. If a small group of states invests in CEPI to develop vaccines, other states may benefit from the prevention of epidemics without incurring any costs. Some proposals for overcoming collective action failures, such as the club mechanism for climate change proposed by William Nordhaus, argue in favour of a voluntary group to cooperate to derive mutual benefits from sharing the costs of producing a global public good, and that non-participants are penalised in the form of trade or financial sanctions.[55](#Fn55){ref-type="fn"} However, most proposals operate with voluntary participation as a precondition for cooperation between sovereign actors, and CEPI too follows this path. The large number of environmental treaties negotiated by the UN system indicates willingness on part of sovereign states to share the costs of international cooperation.

Remote and uncertain benefits generate another prominent factor explaining why willingness may be low. This is especially a challenge for CEPI. Investing in vaccines against EIDs is, with a few exceptions, a matter of mitigating future risks. We do not know when the next epidemic will strike, and if vaccines developed through CEPI's investments actually will be put to use. In addition, the burden of disease directly attributable to EID outbreaks is low. Many other health challenges---child and maternal health, HIV/AIDS, and non-communicable diseases---cause continuous concern to policymakers and health professionals in all states. Politicians may therefore be unwilling to prioritise upfront expenditures to address uncertain future risks amidst other pressing challenges, especially if there are political risks associated with redirecting resources. Yet studies of previous epidemics suggest that the disruptive effect of epidemics on communities and states leads to total costs that exceed the cost of mitigation. In addition, the health impact of an outbreak may go well beyond the burden of disease directly attributable to the actual pathogen (Box [4](#FPar4){ref-type="sec"}). In their assessment of the international response to the Ebola outbreak, Save the Children identified the amount committed by external donors to fight Ebola in Sierra Leone, Guinea, and Liberia to be fifteen times the annual national health budgets of the three states combined, and three times the cost of ensuring essential healthcare for the populations in these states.[56](#Fn56){ref-type="fn"} Overall, there is sound evidence for investing in epidemic preparedness to prevent future risks, and accordingly, CEPI has been framed as an insurance policy to protect against the human and financial risks of future epidemics.[57](#Fn57){ref-type="fn"}

The concern for equity bolsters the case for making upfront investments. Mortality and morbidity from epidemics and pandemics tend to be distributed unequally, both between states (as observed for Ebola and Zika), and within states, including high-income states.[58](#Fn58){ref-type="fn"}

Box 4. Disruption, aversion behaviour and the economic and health impact of the 2014--15 West African Ebola outbreak {#FPar4}
--------------------------------------------------------------------------------------------------------------------

In the context of an epidemic, aversion behaviour refers to behaviour resulting from the fear of being exposed to the pathogen. Reduced economic activity, cautious investors, and closure of businesses may be the result of individuals avoiding exposure to the disease. Governments often also exercise aversion behaviour by overestimating risks and imposing unwarranted restrictions on travel and trade. The World Bank estimated the foregone short-term economic output in 2014 due to Ebola in Guinea, Liberia, and Sierra Leone to be over US\$300 million. The cost of health care, forgone productivity of people directly affected by the epidemic, and the behaviour of other actors---such as trading partners---were suggested to be the main explanatory factors. The loss in GDP in 2015 was estimated to be US\$1.6 billion in the three most affected states. Neighbouring states, too, were reported by the World Bank to experience adverse economic impacts of the epidemic. Moreover, the disease can cause disruption of health care systems---often in already fragile and low-resourced settings---and reduce access to diagnostic services and treatments for other healthcare conditions in affected areas. Modelling based on cross-sectional surveys, interviews, and malaria indicators between 2011 and 2014 suggested that Ebola-affected areas observed a greater number of malaria deaths. The same areas also observed growing risk of outbreaks of vaccine-preventable diseases such as measles and pertussis due to childhood vaccinations being disrupted during the Ebola outbreak. Studies have also observed 20% nationwide drop in in-hospital deliveries and C-sections during the Ebola outbreak, indicating a likely indirect impact of the epidemic on maternal mortality.

In addition, a case for CEPI can be made from intergenerational equity---a general concept of fairness between generations, which frequently has been invoked in response to climate change and environmental degradation to argue that the present generation has a moral responsibility for protecting future generations from disproportionately experiencing the harmful consequences.[59](#Fn59){ref-type="fn"} Invoking the concept for epidemic preparedness and protection against infectious diseases would make the case that present generation has benefited from vaccines developed by the previous generation, and accordingly, the present generation should do the same for future generations. Moreover, since vaccine development takes a long time, and the present generation has experienced the consequences of outbreaks and acquired knowledge about the value of vaccines in preventing such outbreaks, the present generation should be compelled to invest today for the sake of preventing human suffering in the future.

Even when the costs and benefits of mitigating a future risk is well understood, uncertainty about the benefits of the proposed policy response, namely cooperation through an international institution, may be a factor impeding collective action.[60](#Fn60){ref-type="fn"} CEPI will therefore have to make a convincing case to states that the benefits of investing in R&D together, and entrusting CEPI with the authority to manage and allocate these resources will yield more benefit and be less costly than investments made by states on their own. The benefits will have to be clearly and quickly demonstrated in the form of vaccines developed and stockpiled over the next five years, and contributions to an effective response if a pathogen targeted by CEPI becomes the cause of an epidemic.

CEPI must also ensure that its decision-making processes are fair and that it grants all investors as well as other states at high risk of epidemics an effective voice, and truly represents an instrument for joint decision-making.[61](#Fn61){ref-type="fn"} CEPI may gain over the longer term from early and active involvement of states that have not yet invested in its mission, since participation may increase exchange of information about the benefits of cooperation, and over time incentivise contributions from non-participants. To this end, CEPI's governance bodies are composed of not only representatives from states that have committed financially during its establishment, but also have allocated seats for states that will be crucial for local manufacturing, surveillance, implementing clinical trials, and other areas of R&D preparedness and response. On an operational level, CEPI is also engaging with the states that are likely to be most affected by outbreaks of the prioritised diseases, and has sought input on how to improve vaccine development projects giving due consideration to implementation, engagement, and partnership needs in affected states.

The factors described above can be considered equally relevant for all states. Two additional factors are important for CEPI consider with respect to participation from LMICs. One is the ability to demonstrate that CEPI's mission is fully aligned with the interests and priorities of LMICs, and not driven by the interests of high-income states. A danger with the concept of "global health security" is that, instead of being associated with a concern for the collective security of people across all nations, it is understood as an agenda prioritising interventions (such as vaccines) to protect high-income states from diseases that emerge from LMICs.[62](#Fn62){ref-type="fn"} It may therefore be strategically valuable for CEPI to align its notion of global health security with "human security"---a concept placing emphasis on people over states with a particular concern for the most vulnerable populations.[63](#Fn63){ref-type="fn"} There may also be a concern that an emphasis on vaccines alone displaces attention and resources from strengthening public health capacities, general health services, and the push towards universal health coverage. While it is not part of CEPI's mission to engage in these areas, CEPI can still contribute to strengthening capacity for vaccine development, testing and manufacturing in LMICs. For LMICs, efforts that boost technical know-how and vaccine manufacturing capacity reduce the dependence and vulnerability of relying on multinational manufacturers for availability and accessibility of vaccines. Moreover, increasing vaccine manufacturing capacity in LMICs contributes towards increasing overall global production capacity in the event of a future epidemic or pandemic. When different partnership models were reviewed prior to the establishment of CEPI, it was noted that achieving equitable distribution of benefits would require broadening the base of vaccine manufacturers across LMICs and increasing their capacity for scale-up manufacturing, including implementing appropriate arrangements for technology transfer. CEPI has publicly signalled an intent to work with LMICs and to be a mechanism for transfer of knowledge and expertise for strengthening capacity for vaccine development and testing.[64](#Fn64){ref-type="fn"} CEPI has also actively engaged with the DCVMN, including being present at their annual general meeting in 2016.[65](#Fn65){ref-type="fn"} Moreover, CEPI's policy on securing equitable access to vaccines stipulates that CEPI will seek to reach agreement on arrangements up-front for sub-licensing intellectual property related to the vaccine candidate and accessing know-how, trade secrets and other undisclosed knowledge in order to achieve equitable access obligations.[66](#Fn66){ref-type="fn"} At the time of writing, CEPI has not more specifically described how it will move forward with respect to setting up technology transfer arrangements. It is expected that arrangements will develop over time as CEPI gains experience negotiating individual contracts with its grantees.

To inform such arrangements, experience from previous models for technology transfer of vaccine technologies is worth noting.[67](#Fn67){ref-type="fn"} The International Technology Platform for Influenza Vaccines was established in 2008 with support from WHO and hosted by the Netherlands Vaccine Institute both to provide training in influenza vaccine development and manufacturing to inexperienced grantees from LMICs, and to facilitate technology transfer.[68](#Fn68){ref-type="fn"} The hub was set up as part of implementing the 2006 WHO Global Action Plan for Influenza Vaccines, which included the objective of transferring influenza vaccine production technology to manufacturers and governments in LMIC in order to reduce the overreliance of vaccine manufacturers in high-income states, and strengthen the capacity needed to protect the global population in the event of a pandemic. CEPI is unlikely to hold similar levels of in-house capacity needed to serve as a technology transfer "hub" by its own, but could pool the knowledge and expertise on vaccine-related technologies and processes of its coalition partners.

Two other models could also be explored. The first would involve CEPI being a facilitator for technology transfer, similar to how WHO and PATH facilitated technology transfer through funding and technical support to Serum Institute of India to develop the MenAfriVac vaccine.[69](#Fn69){ref-type="fn"} The second would involve setting up shared technology platforms where the facilitating entity involves a range of partners to facilitate technology transfer to multiple recipients. Such a platform was set up by PATH to facilitate technology transfer to vaccine manufacturers from Brazil, China, and India for developing new rotavirus vaccines.[70](#Fn70){ref-type="fn"} Finally, it is worth noting that technology transfer should not be seen as something occurring solely between donors in high-income states and recipients in LMICs. With increasing capacity for vaccine R&D and manufacturing among LMICs, CEPI could facilitate technology transfers *between* these states to strengthen epidemic preparedness globally.

A second important factor for mobilising participation from LMICs is to ensure that the benefits of investing in CEPI are equitably shared. Participation may be affected negatively if it has not been duly considered how to secure equitable benefit sharing among states. A telling example is the global influenza network system that operated under the WHO. In 2007, Indonesia objected to sharing virus samples of avian flu and cooperating with the international network, arguing that insufficient attention had been paid to equitable access to the benefits of cooperating (Box [5](#FPar5){ref-type="sec"}).[71](#Fn71){ref-type="fn"} As already described, CEPI has paid attention to a number of crucial issues that address concerns for access to vaccines and data sharing.

Box 5. The Pandemic Influenza Preparedness framework: sharing the benefits of international cooperation {#FPar5}
-------------------------------------------------------------------------------------------------------

An example of a case where the lack of specific mechanisms for benefit-sharing acted as a disincentive to international cooperation is the Global Influenza Surveillance and Response System (GISR, formerly known as the Global Influenza Surveillance Network) coordinated by the WHO. The objectives of this network are to characterise influenza viruses circulating in humans globally, to monitor the evolution of influenza viruses, and to detect and obtain isolates of new influenza viruses infecting humans, paying special attention to viruses with pandemic potential. Through this system, many low- and middle-income states had been sharing influenza viruses with designated laboratories in the US, Australia, the UK, and Japan. It became known that these laboratories had shared viruses with private companies in order for these to develop vaccines without the permission from the states that had provided the samples. The crux of the problem was that these vaccines were later sold at prices unaffordable to many low- and middle-income states. As a consequence, LMICs questioned why they should contribute to sample sharing if their own populations weren't secured access to the benefits of sharing viruses---that is, vaccines at an affordable price. During the emergence of avian influenza (also known as influenza A virus subtype H5N1), Indonesia took the step of not sharing virus specimens with the WHO, and called for greater equity and access to the benefits of sharing influenza viruses with the international network. In response to these concerns and after multilateral negotiations, a new framework for sharing viruses and access to vaccines, the Pandemic Influenza Preparedness (PIP) framework, was established. The framework seeks to ensure that all states benefit equally from sharing influenza virus specimens. In addition, 50% of the running costs of the WHO GISR are covered by influenza vaccine manufacturers that benefit from the use of WHO's surveillance and response network.

While full participation of states may be the long-term objective, it may be unreasonable to expect this over the short term. A meaningful exercise is therefore to consider whether some states should carry a greater responsibility for investing in CEPI, and what norms should guide such contributions. Criteria and norms to guide contributions are relatively underexplored in the field of global public goods in general and global public goods for health in particular. A useful starting point for advancing this discussion is to draw upon insight from the rich literature specifying ethical principles for informing burden- and benefit-sharing arrangements for mitigation and adaptation to climate change.[72](#Fn72){ref-type="fn"} It may particularly be useful to examine the application of the principle of "common but differentiated responsibilities" (CBDR) (Box [6](#FPar6){ref-type="sec"}), the burden-sharing norms that follow from this principle, and the appropriateness of these norms to CEPI's mission.[73](#Fn73){ref-type="fn"}

Box 6. Common but differentiated responsibilities {#FPar6}
-------------------------------------------------

The principle of CBDR was formalised in international environmental law at the United Nations Conference on Environment and Development in 1992. When the principle was originally devised, the burden-sharing framework that followed apportioned limited responsibility to low- and middle-income states, most notably observed by the differentiation between the high-income states listed as "Annex 1" parties, and the LMICs listed as "non-Annex 1" parties. This was mainly due to the emphasis placed on the historical contribution to the problem. The proffered justification for differentiating responsibilities this way was that high-income states both contributed more greatly to the problem and benefited economically from higher levels of greenhouse gas emissions in the past, and therefore should bear greater responsibility for addressing the problem. Over time, and with the economic growth and increasing levels of greenhouse gas emissions in LMICs (particularly in China and India), it has become clear that mitigation efforts by high-income states alone will be insufficient to reach global targets, and recent attempts have therefore been made to identify how CBDR can become a more meaningful guiding principle for global climate change agreements. The recent Paris Agreement recognises the principle of CBDR and that high-income states must continue to take the lead in mitigating climate change, but for the first time establishes that all states have the obligation to contribute to mitigating and adapting to climate change.

In connection with climate change, the principle of CBDR recognises two dimensions of the challenge. The first is that the challenge is of concern to all states, and accordingly, the "widest possible cooperation by all states is needed to combat climate change and the adverse effects thereof".[74](#Fn74){ref-type="fn"} The second is that responsibility for addressing this shared challenge should be "differentiated"; that is, some states should bear greater responsibility due to differences in historical contribution to the problem, ability to address the problem, and specific development needs. Global drivers for future epidemics include climate change, international travel, population growth, and urbanisation.[75](#Fn75){ref-type="fn"} The extent to which states contribute to these drivers differ; for the sake of argument, it will be assumed that future epidemics cannot be attributed directly to any form of historical activity by states. We can therefore concentrate on the latter two aspects, which offer more relevant inputs to a potential burden-sharing framework for epidemic preparedness.

An alternative way of thinking about the ability to address the problem is to translate it into a principle of "capacity to pay", which implies two things: firstly, that all states should be considered as potential contributors, but that richer states should pay to address the common challenge based on a principle of solidarity; and secondly, that no state should bear unacceptably high costs, thereby indicating the need to broaden the base of contributors in order to share responsibilities.[76](#Fn76){ref-type="fn"} The second aspect---a concern for development needs---is also relevant to consider in the context of R&D preparedness. LMICs face many pressing challenges which needs to be taken into account, and perhaps adjusted for, when clarifying the expectation for contributions from these states.

Calls for shared responsibility have also been made in relation to financing of global health R&D. Most notably, the WHO Consultative Expert Working Group (CEWG) on Research and Development concluded in 2012 that all states should commit at least 0.01% of GDP on government-funded health technology-related R&D to meet the specific health needs of LMICs.[77](#Fn77){ref-type="fn"} Relevant to the context of CEPI are the three main arguments that formed the basis of this recommendation. The first was that R&D to meet neglected health needs is not "just a responsibility of development aid or indeed donors", but that there is a need to "reframe the issue away from development assistance".[78](#Fn78){ref-type="fn"} Accordingly, the same target was set for states from all income groups. The second was that R&D efforts should be related to GDP, since this represents the best available measure of ability to pay. The target---0.01% of GDP---was set to increase total public sector R&D spending on health needs of LMICs to US\$ 6 billion globally, which at the time would be 0.01% of global GDP.

The CEWG, while calling for participation from all states, did not examine different criteria that indicate the ability to pay in detail, nor how these criteria should relate to other considerations, such as health and development needs. For this purpose, it may be useful to consider contributions from the recent literature examining allocation criteria and contribution norms for financial resources and in-kind contributions for activities aimed at improving health in low- and middle-income states, also known as development assistance for health (DAH).[79](#Fn79){ref-type="fn"} Allocation and eligibility criteria that guide the allocation of DAH are focused on states, and attempt to establish which states have the greatest need for DAH and in which states the allocation of DAH will yield the greatest developmental gains. In the context of CEPI and global public goods, the beneficiaries are not individual states, but the global population. Considering allocation criteria in the same way is therefore not relevant.

With respect to contribution norms, two broad categories may be considered: benefit-related norms, and capacity-related norms.[80](#Fn80){ref-type="fn"} Benefit-related norms indicate that contributions should increase according to the extent to which the contributor benefits from investing in the specific arrangement. The WHO has developed a priority list of EIDs with potential to generate a public health emergency, and for which insufficient or no preventive or curative solutions exist. The latest list, updated in February 2018, includes priority diseases where low- and middle-income states will carry the greatest risk of outbreaks and a disproportionately heavy disease burden, as well as economic burden.[81](#Fn81){ref-type="fn"} Accordingly, these states stand to benefit the most from vaccines against EIDs (assuming that these are available and accessible to populations regardless of ability to pay). Thus, benefit-related norms strengthen the case for contributions from LMICs. However, benefit-related norms must be considered together with capacity-related norms.

The main capacity-related norm that may guide contributions to DAH, and plausibly also global public goods, is gross national income per capita (GNIpc), where higher GNIpc indicate greater capacity to contribute. In connection with DAH, this criterion has been interpreted as an indicator for the domestic capacity to address health needs without external support.[82](#Fn82){ref-type="fn"} Many low-income states have limited domestic capacity and large health needs for which they rely on external support. Moon has estimated that DAH comprised 31.7% of total health spending in low-income states in 2013, compared with 3.1% in lower-middle-income states, and 0.3% in upper-middle-income states.[83](#Fn83){ref-type="fn"} It may therefore be fair not to expect contributions from low-income states over the short term, but rather expect increased domestic financing to strengthen things like laboratory capacity, surveillance, and other core public health capacities---efforts which also contribute to global health security and CEPI's mission of preventing the spread of epidemics.

Therefore, and in tune with the emerging literature debating the role of middle-income countries (MICs) as funders and/or recipients of DAH, we may focus on the role of these states as potential contributors.[84](#Fn84){ref-type="fn"} According to the World Bank classification, and at the time of writing, there are 108 middle-income states. For many MICs, their mid-level GNIpc indicates some internal capacity to respond to domestic health needs. However, many MICs have also large unmet health needs (almost 70% of the global disease burden), are home to a large proportion of the people living in poverty (over 75%), and have large inequalities in health between income groups. In the context of CEPI and epidemic preparedness, the crux of the matter is to consider whether it is reasonable that these states are called upon to pull weight for vaccine development to secure global health security, or whether it is reasonable that their resources are fully devoted to ensuring priority health services for their own populations first. It here paramount to recognise that MICs represent a heterogeneous group of states which differ widely in capacity to pay and health needs. A starting point for identifying states that should contribute financially to epidemic preparedness can therefore be to identify those states with a GNIpc which indicate ineligibility for DAH. In the case of DAH, it has been argued that a transition zone is needed whereby states gradually move from being ineligible for DAH to becoming funders.[85](#Fn85){ref-type="fn"} This may equally apply to the identification of funders for epidemic preparedness (and other global public goods). The major reason for why such a transition zone can be useful is that one may want to consider mobilising financing only from states with domestic capacity to ensure priority health services for their populations.[86](#Fn86){ref-type="fn"} Directing resources towards CEPI's mission should not introduce harms or impede progress on other areas, referring back to the discussion about how CEPI's mission to strengthen global health security should avoid impeding broader efforts to strengthen general health services, but instead should reinforce these efforts.

Overall, a provisional conclusion may be that CEPI over the short term should expect contributions from high-income states and most upper middle-income states. A strategic choice to be made is whether or not CEPI should operate with an inclusion threshold, above which states should be expected to invest in CEPI's mission. A source of arguments for there being no threshold is maintenance of a focus on CEPI's mission being a shared responsibility for all states.

Moreover, an inclusion threshold based on GNIpc alone will not precisely reflect the significant contributions specific states below a threshold could make, and the benefits these states could get in return. The Government of India is among CEPI's founding members and is expected to contribute financially to CEPI's mission. India's GNIpc of US\$1570 in 2015 corresponds to a classification as a lower-middle-income state, placing it well below thresholds that identify upper-middle-income states as funders of DAH.[87](#Fn87){ref-type="fn"} However, India is also an economic powerhouse and emerging donor of development assistance.[88](#Fn88){ref-type="fn"} Through its vaccine industry, India has a significant impact on the global vaccine market, including leading the development of vaccines for meningitis and rotavirus.[89](#Fn89){ref-type="fn"} In addition to financial contributions, India is therefore well positioned to make significant non-financial contributions through the transfer of knowledge and R&D capabilities. India could also expect to benefit domestically, both through the involvement of its vaccine industry, and through the development of vaccines that meet its own public health needs, for example vaccines that protect against Chingunkunya---a virus which caused a large outbreak in New Delhi in 2016.[90](#Fn90){ref-type="fn"} India's investment in CEPI could operate as a benchmark against with other states with similar and higher levels of GNIpc may consider their own contributions.

Finally, a crucial part of discussing whether CEPI can represent a legitimate global response to a shared challenge is discussing how CEPI fits into the broader global health architecture, and above all, how it will relate to the WHO. Similarly to the critique of other global health initiates, it may be argued that CEPI, voluntarily funded by a small group of donor states to focus on a specific problem in global health, draws attention away from strengthening poorly resourced health systems.[91](#Fn91){ref-type="fn"} Moreover, it may be argued that establishing a new institution to strengthen epidemic preparedness challenges the central role of WHO as the world's directing and coordinating authority for health.

Some arguments can be made in defence of CEPI. Historically, the WHO has had a limited role in the financing R&D, but it has played a crucial role as a convenor of partnerships to address underprioritised health needs. Two examples have already been mentioned: the MenAfriVac and Ebola vaccines, where WHO played crucial roles.[92](#Fn92){ref-type="fn"} Another example is the Special Programme for Research and Training in Tropical Diseases (TDR), which is hosted by WHO (and sponsored by the United Nations Children's Fund (UNICEF), the United Nations Development Programme (UNDP), and the World Bank).[93](#Fn93){ref-type="fn"}

The WHO was closely involved in the establishment of CEPI. The idea of establishing CEPI came, among other processes, out of a consultation meeting on the financing work stream of a WHO process to develop a R&D blueprint for action to prevent epidemics.[94](#Fn94){ref-type="fn"} To ensure a sustained strong relationship between CEPI and WHO, a memorandum of understanding (MoU) was developed and approved by both institutions to clarify the respective roles of each institutions.[95](#Fn95){ref-type="fn"} Importantly, it is expected that CEPI will rely on and be responsive to the WHO's normative functions and leadership, for example on norms for data and sample sharing, liability, and scientifically sound and ethically acceptable clinical trial designs. WHO and its member states have prioritised the issue of R&D against EIDs by approving the R&D blueprint for action to prevent epidemics at the World Health Assembly in 2016.[96](#Fn96){ref-type="fn"} CEPI can therefore also be viewed as an implementation mechanism through which states may act on a priority set by the multilateral system.

Conclusion {#Sec5}
==========

In this chapter, we have explained the rationale for establishing a new global health institution to generate the global public good of preventing future epidemics from becoming humanitarian crises. CEPI can be considered to add to an evolving global institutional framework for international cooperation to address shared challenges. It is being established at a time when various forms of international cooperation and agreements is facing greater uncertainty. It is therefore crucial that CEPI manages the trust placed in it by demonstrating the value of investing together to address a shared challenge. Over the next 5--10 years, it is hoped that CEPI will have successfully demonstrated to governments, private actors, and civil society organisations that collective action is the preferred strategy for preventing future epidemics and strengthening global health security.
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